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By StanleyF,

SUMMARY
,,

An investigationhasbeenmadein

TO25MILLION

Racisz

theLar@.eytwo-dimensional
low-turbulencetunnelandtheLangleytwo-dimensionallow-turbulence
pressuretunneltodeterminetti.h&hestmaximumliftconfigurations
(ide’klconfigurateions)ofa O.35+hordslottedflaponan
NACA65(~9)A~ll(approx.)airfoilsectton.Thescaleeffeetson
‘theaerodynamicoharaoteristicsweredete~ned forRe~oldsnumbers
rangingfrom2.4x 106toapproxhatel.y25.0x 106.

IncreasingtheR8WOMS nmiberfrom2.4x 106to9.0 x 106
deoreasedtheflapdeflectionforhighestmaximumliftfrom43°
to’’~OOand35° (defJ.ectionsof40°and35°gavesamemsxlmumMft)●

IncreasingtheReynoldsnwibercausedtheflaypositionforhi@est
maximumlifttomoveupward approximately1 percentoftheairfoil
ohordforflap“defleotions,of35°and@o andalsorearwardfora
flapdeflectionof35°. The”flapconfigurationwiththeoenterofthe
flapleading+dgeradiuslooated1.98 yercentohordbehindand
3.21percentohord%elowtheslotlipata.flapdeflectionOf35°was
theoptimumconfiguration.A maximwiincreaseofonly0.1inthevalue

2
ofthemaximumsecionliftcoefficientwasobtainedata Reynolds
numberofg.Ox 10 byshifttngtheflapfromthePOStion@VfIWthe&highestmaximumliftataReynoNlsnumberof2.4X1O . Ingeneral,
increasingtheReynoldsnum%erdelayedthestalltohigherseotion
anglesofa’ttaokandalsocauseda moregradualst~lforboththe
flap-retraotedandtheflap-deflectedconfiwations.Themaximum
seotlonliftcoefficientsfortheflap-rerattedconfigurationincreased

kasReynoldsnumberIncreasedto18.ox 10 andthendecreasedslightly
withfurtherincreaseinReynoldsnumber;thecoefficientsforthe
flap-defleoted.con$igurtionincreasedastheReynoldsnumberincreased

ttoa valueof13.0x 10 endthendeoreasedslightly.TheIncrement
of maximmsectionllftooeffioientduetotheslottedflap
increasedfro 1.24to1.36’astheReynoldsnwnberwasincreased

8from3.0 X 10 toabout12.0x 106andthendeoreasedto1.31as
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theReynoldsnumberln~reaseduptoabout25.0X 106.Atsection
liftcoefficientsoutsidethelow-dragrenge,thesectfondrag
coefficientdecreasedastheReynolds”number”incrbasedthroufjmut
thetestrangeofReynoldsnumber.

,.
INTRODUCTION‘“ ‘

Theuse of thinwingsectionstoIncreasethecriticalspeeds
orhigh-speed.airplaneshm ledtotheneedforhigh-liftf’1.aPsin
take-offandlanding.Largewingchordffundthetren&towati
highertake-off’andlandlnflspeedshaveIncreased.theReynolds
numberforwhichtheairfoilsectionwtththeflapmustprovidethe
requ.tr.edhim Iift...uptovpluesapproaohfng25,0x 106.Athigh
Re,ynoMsnumbers,theidealflap”confi~ation(flapconfiguration
forhighestmwiwum”lift]WY heconsiderablydifferentfromth~t
atlowReynoldsnumbersbecauseofch~es intheboundary-layer
characteristicsandtheflowco”nditlonsthrou@theslot.Tne
rangeofReynoldsnumbercoveredinexperimentalinvestigations
suchasthose~eporte~inref@rence1 hasqenerallybeenMtitedto
a%out~.Ox 10b.Althm@ a limitedemcyxxhofdataforl?eymolds
numbershigherthen~.Ox 106are“availableforthinairfoils
equippedwithslottedfl.ape,thel.ar~escaleeffeotsonma.xhnum
Mft coefficientM Reynoldsnumbersbelow9,0x 106,illu~treked
rdferenceI;indicatethatthemaximumMft coefficient--ycon-
tinuetov.a.rgconsiderablywtthReynoldsntm$eras,theReynolds
numberisincreasedtovaluesabove~,0x 10°.

/mNACA65(U2).KLI.(approx.)airfoilsectionequipped
witha 0.3~-chordslottedflaphasbeentestedintheLan@ey
two-dimensionallow-turbulencetunriolstodetcmulnewhetherthe
itealflapconfiguration3.sdepenaentupon~lle?e~old.s~~ber

‘in

andtodetemninethescaleeffectsontheaerodynamiccharacteristics

a. secticm

c airfois

cd section

num~ersupto25,0x 106.

. mo~ .
..

,-

antie of attaok,degrees

chord(flapretraotsd),..,
dragcoe~ficient ~~. .
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Cdmtn‘‘minimumsectiotidr~g’coef<i.c+mt“’”” -
.

%. sectionliftcoefficient- ‘‘- .-.

Clm= msximumsectionliftcoefficient

%ux .incrementofmaximumsectionliftcoefficient

sectionpitching%omentcoe”fficiewtshoutairfoilquarter-C%/J.! chordpoint

~> Y ..horizontalandverticalpositions,respectively,ofcenter.
offlapleading-edgeradiuswithrespect,to.u~erlip “
ofslot.tnpercentc (xpositiveforwardofslotHp and

,..:. y positivebelowslot-lip(fiq.1))
..

Of flapdeflection,degrees.“

‘R Reynoldsnumber

MODEL

The2-foot-chordmodeltestedinthepresent
approximate~anHACA65112)AIII.airfoilsecticm

&slottedflap.TheNACA A-seriesairfoils,which

.

--

-Investigationwas
witha 0~35c
mas’bederived

by”themethoddiscussedinreference2,we~edesi~edtoeliminate.
thotrailin~-edgecuspoftheNACA6-seriesairfoils.!&e
NACA65(112)AI.11.airfoi~wasderivefl%ya differentmethod,but
theresultingsectionisapproximatelythes~e AswouldQeobtained
fromreference2. Ordinatesfortheairfoil”sectionsindtheflap
aregivenintablesI snd11,respectively.A sketchofthemodel
showingtheesaenti~dtiensionsandthereferencepointsdefiriirig
thefl.ampositionispresentedasfigure1. Themodely_construc’te2
ofeluminumalloy,completelyspannedthe3-foot-widetesi”e6cti”&.’”
Photographsofthemodelwiththeflapdeflectedae presentedas “.
figure2. Themethodofattachingtheflaptothemainpartof
themodel,asshowninfigure2(a),permittedanextensivevariation
oftheflappositionforeachflapdeflection..Althoughtheslot “
wasclosedwhentheflapwasretracted,a plastellnesealwa&
ineertedintheslottopreventanyleaka~eofairwhichco~fi
resultfromsmallchangesinthemodelsurfacesd.urin~testswith
theflapretracted.Theseelwasremovedfortests.ofthemodel
withtheflapdeflected.FormastoftheteststheModelsurfaces
wereaerodynamicallysmooth.Fortheconditionwithleadingpedge
roughnessthesm?i?acesweretheseineas thoseforthesmooth
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condi.ticmexceptthat0,011-inch”carbo&uMtigrtinsh@dtieenapplied
overa surfaoelengthofO.O&.at:the.airfoilleading.edgeonboth
surfaces,TheroughnessGonfigurdioncorrespotided“tothestandard
roughne~sdesoribedinreferenoe?.- .: ! . ... ., . r

TESTs “ i ““ ~
:,,. ,.,

TestsofthemodelwereWadeintheLan*~Aeytwo-dimensiond.

t
ow-turtmlenqetunnel(LTT)todeterminetheidealflapconfigwratkm

)flapco~i~rationforhighestc~~ ‘ataReynoldsnumberof
2.4:,X10% Thesetestscons~,st6dofmefiurementsofthemaxfmum
eectlonliftcoeffi.cienfmfomanextensive.rangeofflappositionat
:.severelflapdeflecti.on~;Thesectionlkl%characteristicsfor
anextensiveremgeofangleofattaokweredetetined.fortheideal
flappositions.SimilartestsweremwleintheLe.n@eytwo-dimensional
low-turbulencepressuretunnel(TUT)tofindtheidealconfiguration
ata Reynoldsnuciberof$),0x 106endtoobtainenIndicationof
theeffectsofReyno3.cl.snumberonthoileal.conflgurat!on.The
highesttunmelpressureatwhichalter:rtions0$theflapconl’igura-
tion could‘]emadewithinthetunne~was~+atmospheresabeolute.
Thetestsoftheflap-deflectedcti~.~atiol~~weretherefore
limitedtoaReynoldsnumberoi’9.O;.106whiohwasthehlphest
obtainableatthatpressurewithoutexceedinga tunnelMachnumber
ofapproximately0,2,Theecal.eeffectsontheaero

P
e~iccharn.c-

teris$icsforReweldsrhzmbersran+m[ffrom2,hx 10 toapprox~-
matel~r2~.Ox 106werethendeterminedfartheflapconfl~ation
seleotedastheoptimum.Thesectionliftcharaotertsticsfor
intermediateflapdeflectionsweredeterminedataReynolci~”number
ofg.o’x106,Thescsleeffectsogthesecti”onliftenddrag
characteristicsoftheairfoilsectionwiththeflapretract@weie
determinedatReynoldsnumbeisrengingfrom3;0X-lOGtoapproxl-
mately25.0 x 106,The”~eotionpitch~.nfl-mwnt.chmacteristic~&d
“theef’fec,tsofleadinq-.edgerowhnessonthesectionliftanddrag
characteri.stlcsweredeterminedat:Ra~olds.numbersran~l~from
~.ox106to9.0)( M@c .

A discussionof’thetestmethodsusedintheL’TTandthoTDT
andofthemethodsused.incorrecti~.~he-testdatat,ofree-air
conditions.,isgiveninref%r,ence3...Theqxlmumfroe-streamMach
.. ‘,,

. .
,,

.

.

.
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numbersattainedduringtests,intheLT!JendTDTaregiveninthe
followingtable:

.’

Reynoldsnumbek Machnmnber

2.4 X 106 0.16
so

f?:; ,14
9.0 .16
12.0 m14.
18.0 ,1)$
25.0 .18

—.

. .

RXSULTSANDIXEK?’US%CON

Theterms“idealdeflection”end“idealposition”areused
hereintodeeiqnatetheflapdeflectitiand.flapposition,respec-
tively,forthehipges’tmib.zeof C7 ata particularReynolds
nwnber.Theterm“idealcon#’iquration?istiedtodesignatethe
flapconfQurationdescribedbytheflapdeflectionandposition-
forthehtghestvalueof Cz, msx”

..
,.

,. FlapConPigurathns ..

Tclealconf’i~ertionat R = 2,4x 106.-Contoursforconstant
veluesof cl= forvariouspositions=thecenteroftheflap
leading-edgeradiusatflapdeflectionsof35°, 40°,end4’joare
presentedb figure3. Theideal.positionforeachoftheflap
deflectionstemtedisalsoshown.Thetestswerelmted toa
flapdeflectionof45°becauseatthatdeflectiontheflowoverthe
flapwasstalledthroughoutmostoftherangeofangleofattack
endtheincreaseiqthevalueof c~=Y resultingfromincreasing
thedeflectionfromkOOto45°wasti~ 0,05.Tka%anysignificant
increaseinthevalueof Cz~=, wouldhavebeenobtainedby
fncreaeingtheflapdeflectionbeyond45°isthereforeunlikely
becausemoreseverestallingoftheflap-couldbeexpectedtooccur

2
athigherflapde ections.TheidealconfigurationataReynolds
numberof 2.4x 10 asshowninfigure~ wasa flapdeflectionof450
with tiecenterofthe’flapleading-edgerad$uslocated0.73percent
chordbehindend4*46percentchordbelowtheslotlip.Thefdeal

.
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deflectionwasthesameasthatfoundtobetheidealforthe
0.25cslottedflap,d.esl+jnatedasslottedflap1 inreference1,
ont?leNACA65-210airfoilsection.Theidealpositionverfed
onlyabout1 percentchordastheflapdeflectionincreased..
from350m 450.

Thesectionliftcharacteristicsofthemodel-withtheflkp
located3.ntheposZtionsfoundtobetheMealataRfmolds
numberof
presented
slopesof
be~.owthe
cumvesa%
flowover

2.4X-106forthethreeflapdeflectionstestedare
inf@ureb. Atflapdeflectionsof~#0°an~k~o,the
theliftcurvesa.tsectionangle~of-attacksliqlhtly
stallareconsiderablyhigherthantheslopesofthe
lowsec%lonanglesofattack..Tuftstudiesoftheair
theflapata deflectionofi4C1°indicatedthuttheflow

overtheflapwas stalledthroughoutrnbstofthemule-of-attack
mn~e butunsim.1.ledataii@.esofattackslightlybelowtheangle
ofattackformaximumlift?A lesspronouncedchangeInliftat
hip.?,englesofattackwasobtainedata flapdeflectionof-40@by
shiftingthefl&pposit’.fonfcmwar~cW.sndupwardfromtheideal
positionwitha conmquentreduct~.cnf.nthevalueof cl-.

,,<Tds&cmf?.mmrtlonat’R R Q.O.X~06.-Thevaluesof cl=
meakuredat.’aReynol&”numberof’app~”.bximately900x 106for
severalflapconfigurationsIncUdinflthesefouix..tobetheideal

&ataRejtnoldnumberof-2.kx1 arepresenLbdinfi~e 3. The
“ highestmeximumsectionliftcoeffic-ien+mmess

.

T
d atflapdeilectfons

of33°and40°ataReynoldsnumber.uf9.0x %0 werealmostthe
sameandthereforeeitheroneofthetwoflapdeflectionscouldbe .
selectedastheifleal.A flapdeflectionof35°,however,wouldbe
moresuitablethin.a flapdeflectionof40°inasmuchasa Iowor
dragcouldbeexpectedforthatf~p deflection.A comparisonof
thelatapresentedj.n..f@ur~s3a d 5.indicatesthatincroasiw

8theReynoldsnumberfr~m2.4x10to.apfiroximately9.Qx 106
decre%eefltheidealdeflectionbyatleast~o. Increasingthe
Reynoldsnumkerfrom2.4x 106to”~.Ox l@ causedtheidealposition
tomoveupwardforflajdGflectionf3of35°and40°andalsorear-
wardfora flapdeflectionof350. .Thesechan~esintheIdeal

. positionresultingfromtheinc%ease@ R~ynoldsnumberwere
.,slightlylesstlmr’1percegichord,a8::indicated_%ythedatapresented
infigure5. The--largQStincreasein‘thevslueof c1 ata.,.
Reynoldsn’mberof9.0x 106o&&d”’by’&hiftin@theflapposft$on
fromthatfoundtobe
wasonlyO*1*

ThesectionUft
9.0X,106forseveral

theidealataR@hoN!.sn~berof2-.4--X@

charact6ristic&ato.Reynoldsnumberof
po~itionsoftheflapincludingthosefound,,

.
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tobetheidealat”aReynoldsnumberof2.4x 10barepresentedin
figure6. A mmparisonofthelift.curvesobtained,forflaptleflec-
tionsof35°end40°indicatesthatvariationsinflap-positionhave
lesseffectonthesectionliftcoefficientatlowanglesof attack
fora flapdeflectionof3~0-thsnfora flapdeflectionof.400. For

‘ exsmple,ata flapdeflection.of40°,shiftingthe.positionchanged,
thesectionltftcoefficientatenengleofattackof’OobyO.5;
wher8as,fora flapdeflectionof35°,thechangeinthe.sectionli.fi
coefficieritatlowanglesofattackwasabout0.1,

QntimumConfiguration.-7!heidealconfigurationathighReynolds
numher8wouldprobablybemorecloselyapproxmatedbyth+ foun&to
betheidealataReynoldsnumberof9.OX1& thantheidealCO*
figurationdetermined.ata Reynoldsnumberof2.4x 166.Anestimate
ofanoptimumconfigurat~onathighReynoldsn@berswastherefore
madefro?ntheresultsobtainedata.ReynoldsnumberOf9.0x 106.
Althou@thehighestmsximumsectionliftcoefficientsforflap
deflectionsof35°and40°wereelmostthe-sameataReynoldsnumber
of9.0x 106,theflapdeflectionof35°wouldyrobablybemore
suitablebecauseoflowerdrag,,smallerchsnge@ liftatlowangles
ofattackwithflapposition,andlessmmplfcatedstructfie
resultingfromthesmallerflapdeflectionalongwiththe,smeller
variationofliftcoefficientwithReynoldsnumberatlowaqjlesof
attack(fig.6). Fora flap

P
flectionof40°,increasingthe

Reynoldsnumberfrom2.4X10 to9.0X106 causeda changeof0.25
inthesectionliftinefficientata sectionsngleofattackofOO;
whereas,fora flapdeflectionof35°,thechangewasonlyO.@.
Theflapdeflectionof35°wasthereforeselectedastheoptimum
deflection.InasmuchasincreasingtheReynoldsnumbercauseda
rearwardandupwemishtftintheMealpositionoftheflapfora
deflectionof35°(fig.5),thepositionwiththecenteroftheflap
leading-edgeradius~ocate&l.98percentc behindand,3.21perctintc
belowtheslotlipwouldprobablybea sufficientlyaccurate
approx@ationoftheidealpositionathighReynoldsnumbers.The
resultingflapconfigurationbf= 35°,x =-1.98percentc,and

l:$..=3.= percentc,whichwillhereinafterbereferredtoasthe
o@Amumconfiguration,’rwastheconfigurationtestedatReynolds
rnmbersupto25.0x 106.

.“
LiftCti”acteristics

Scaleeffectsonmaximumlift---Thesectionliftcharacteristics
of.theairfoilwiththeflap-retractedconfigurationandwiththe
opt”imumconfigurationsrepresentedinffgures7 end8 forseveral
Reynoldsnunhersran@ngfrom~,O x 106to25.3x 106..,Thevariation

. . .
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of’maxiimmsectionHf.tcoeffioiontandtncrenwntofmaximumsection
liftcoefficientduetothe0.35GslottedflapwithReynoldsnumler
arQpresentedinfigure,9..Themudmumsecticmliftcoefficientof
themodel”withthe.flapretractedincreasedfrom1.17to

k
,35as

theReynoldsnumberincreasedfrom3.0x 106b 18.0x 10 andth
Tdocrcasedto1,30astheReynol.deinumberincreasedupto24.9X 10 .

,ThemaximuasectionIf:ftcoefficientofthemgdeJ.yiththe.opthmm
configurationincreasedffim2,15to2.71astheReynoldsnumber
Increasedfrom2:bx 106to13.0x 3.06anltheni@crqasedto2.62
as theReynoldenumberincneaseflupto25.3.x10b,.Theincrement
ofmazhmmsection.Uftcoefficient,ehownin fl~re~,increased
frmn1.2~!to1.36asthe,R@olds.n?mk%rwasinci*easedfrom3,0x-106
toaboutU2,0x 106andthendecreasedo 1,31astheReynolds

?numberwasincreasedtoaboutP5@i 10~0

%me.’.oftiedataobtainedattheIowe”rl?oy-noldBnumbersmay
becomparedwith.data@venforthe.NACA65-210airfoiJ-withthe
0.25cslottxxlflap,doslgmat,edC@slottedflsp”linreference1 and
dataobtuiwdfortheNACA23012airfoil.secti6nwiththe0,40c
slottedfl,ap”deei~atmdasflapl-aIKLreference4. Fe ~atafor
theNACA65-210a.udNAC!A23012aiYfoll sect:ons with slottedflaps
havebeenIncludedwith*he”dataprebentedinfl~we9. The
differencesinthevalimsof Aczmx forthethreeafrfoilsections
.conbnascribedtodlff.cirencesfntheflapchord,

AnIeofattackformaximumlift.-Thedatapresent=fiin ‘
-\-’”–––fI;nnws7 and. indicatethatfortheflap-rtractodconfigurwtlon

8increasintheReynoldsnum%erfrom3.0x 10 toapproxhately
t12.0x 10 Incn?easedthesectionanqleofattackfor Czma hy

about20;whereasl’ortheoptimumconfiguratimiwititief~al?
deflected,thean.g,e.ofattackfor cl= wasincreasedbyan
muchas5°. Theincreaueintheanr@eofattackform,axhm.msection
liftcoefficientwithincreaseinReynoLfisnumberwasaccompaniedby
amere&radua3stall.$ncre&sin&$theReynoldsnumberbeyond.
approxlmate~”12.0x 10~hadsmallereffectsontheangleofattack
formaximumllftendtintheHtal.1.thanthoseobtainedatlow _
Re=moldsnumbers.

Liftatlowangleeofattack.-Themriattcmofsectionlift
coefficlentwithReynoldsnumberata constantsectionangleof
attackisshowninf’i,gure10. Slightreductionsinthesection
lit%ccefj?icientat.a sectionangle‘o&attackof-8,1°,orpositive
increasesin theanpjeofattackforzerolift,wereobtainedfor
theoptimumflap.-configurationastheRe,ynoldsnumberwasIncreaqod
beyondapproxinuately12.0x 106.Thevariationofthee,n~leof
attackforzeroliftwithReynoldsnum%ormaybeascribedtochenges

.

.

.

.

.

.
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in theflowthroughthe’slot.These’flowchengesprobablyresu+t
. ina’v~@ioq ofkheideQc.~$,i~rationwithReynoldsnumber.For

thefl.ap-retrao>edcbnditim,however,thesectionliftc’beff~cient
ata section~Qe ofat~ckof-“0°remained’substantiallyindependent
of’theRe~oldsnumber; . . .,. ,,,

~termediateflapdeflections.- Theflapwasieflectei!alonga.’.
circular-arcpakhsothattheconfigurationFesulting‘ata flap
deflection~f35°cofiespondedtotheoptimumconfQura&Aon.A
lineconnectingthepfvotpointandqtationO.780contheairfoil

., chordlinewasalwaysperpendictiartotheairfoilohotilineand
..therefdretheflappositionwasdetezininedbytheflapdeflection.

.

.

Thelocationofthe-pivotpointaboutwhichtheflap’%s def@cted
andsketchesoftbeflapconft@rationsforseveralflapdeflections
areshowninfigurellti ,....

TIMsectionliftcharacteristicsata’Reynoldsnumbevof
9.0x 3-06forflapdeflectionsu~to’a?leflectionof35°‘iu*e‘
presentedinfi~ure12: Ata flapdeflectionof20°end”k.tsection
an@.esofattackhlglherthanabout-40,twovaluesofthesection
liftcoefficientwereobtainedateachcmgleofattackeltho~”the
maximumsectionlift,coefficleritremainedneqrlythesame.Repeat
testsIndicatedthattheconditiongivingthelowerltftcoeffi-
cientswasthemore”’stableofthetwo.Tuftstudiesata flap
deflectionof20°.indicatedthattheirregularbehaviorofthelift
coefficientswasassociatedwithpartialstallingof’theflap
caused.hytherelativey~poorslotphapef’ortlhisflapfleflection.
Increasingtheflap/deflectionto300unstalledtheflowoverthe

..

flap”.endtheKlowr&mainedunetslledthroughoutmo~tofthem“~e-
of-attackrange~thoughunsteadyflowconditionsexistednearthe
trdilin~’edqeatlowanglesofattack.Thedatapresen@din
f@ure12indicatethatthe,increaseh maximums?ctlonlift
coefficientan~thedecreaseinthe@e ofattackformaximmn ““
liftcausedhydeflectingwe flapwaeapproximatelya linear
functionoftheflapdeflectionwithintherangeofflip”defl.action““
investigated.Althos@@@s werenotmadeforthecbnfiguratim
correspondingtoa flap.Ieflectionof~0°withtheflapposit-ionas
determinedbytheflapDWMI.themaximmnsect”iofilift-coef~icj.ent‘
wouldprobab~y
of35°because
theslotlip.

notbe-e;h&h as&at obtained‘fora flapdeflection
theflapwouldbeanappreciabledistancebehind

,.. ..
.. ...

Titching~Mo?nentCharacteristics “.

Thesectionp~tching-momentch.p,r~teristic&o<~tho”tiirfoil
se.c,tlonwiththeflapretractedforReynoldsnuinbers #&ing’f~

.,
,“.. . ,. .,

.- . .
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3.OX106to9.~X 106are’presentedInfin”-e 13, Increasingthe
rRepold@numberfix%3.0x 106to$?.1X 10 causetonlysmall

ch~es in the’section.yltc,hing-momentcoefficlmt.atsection
snp;lesofattackbelowthe-stall. ., .

Theeectipnp~tching-momentchar+terieticsataReynolds
numberof6.0x 10 forthea?.~foilsection#-ththeoptimumcon-
fi.[~atlonarepresentedinfigure14,,Theslope’ofthe@t&ing-
momentcurvewas‘yos”itfveatangles,ofattackfromabout2°to
dlghtly~bovethe.a’tall+lZromthispo$nt,increasesintheeection
an@e ofattaok.sausedtheslopeofthepitching-momentcurveto‘
beccmne&a.tive,Thevalueoftheqec$ionpitchi~-momentcOefff-
cfe”ntthroughoutmbstofthe~%e of’angleofattaokwasapproxi-
fiately0,1.moranefla.tivethanthat-measuredfortheNACA65-210airfoil
sectionwitiithe0.25cslottedflapde~ignatedasslottedflap1
inreference1 endapproximately0.04or0.05lessnegativethnn.
thatobtainedtortheNAUA65-210airfoilsegtlonwitha 0,31c
donbleslottedflap(reference1).

‘JOlraqCharacteristics

The sectiondraqch.araderistlcsof+heairfoileection#
the’flapretractedforReynoldsnumbersrangingfrom3.0x 10F
“to24,7x“106arepresented.infigure15. Themininmmseation
dragcoefficient~ecreasedastheI?eynold.snumberinureased
betweenReynoldsnumbersof3.ox 106and13.0x 1067‘andincreased
betweenReynoltlsnumbersof13.Ox 106anc12h.7x106. At section
lift coefficientsoutsidethelow-draflran~,however,thesection
draccoefficientdecreasedasthe’Reynoldsnumberincreasefl.
throu@outthetestran~cfReynnldenumbsr.Therangeofsection
ltftcoefficientfimlowdragcontinuouslydecreasedwithincrease
inReoynol@numberuntilataReynoldsnumberbetween18,0x 106and
24,7x 10btherinmeofsectionliftcoefficientforlowdragwas
nulo~;erdefinedbya “bucket.”

EffectsofLeadMg-FAgeRoughness

,Thesectionliftanddragcharacteristicsofthoairfoil
forthesmoothcondition,sndfortheconditionwtthstandard
leadin~-eflfleroughnessme presentedforaReynoldenumberof
6,6x 106fnfigwre16, me decreaseinthemnxim~sectionIfft
coefficienttortheoptimumcmsiguratdoncausedbytheadditionof
roughmsstotheleedin~ed~ ofthe.xlrfoilwasapproximatelythe
S- asthatobtainedfortheairfoilwiththe’flapretracted.
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Approximatelythesamedecrement
coefficientwas,o%%ainedforthe
flap1 atdef~ectf.ons-of300an~
secti6ndragcoefficientforthe

inthemaximumsectionlift
NACA61j-210airfoilwithslotted
40°(reference1). Themin~mum
conditionwithlesding-e@.e

rouphnessis@proximatelythesameasthatestimatedfromdata “
rwesentedinreference7 forair..oilsectionssimilarto the
tiACA6’5(~12)Alllairfofig

,
.,

.“,..
. .

Theresultsoftests
sectionwitha 0,35-.chord
low-turlmlenoetunnelsat

. .
. .

-.
.. ,-,.

CONCLUSIONS

%0ayproxhately&.O X 3.06indioatedthefollowingconclusions:

1.IncreasingtheReynoldsnumbo~*~rom2.4x 106to9.0x 106 ~
decreasedtheflapdeflectionforhi@estmaxhnumliftfrom45° ~
to@o anif35°(deflectionsof40°and35°gavesam6rqoxtiug’liftj.
IncreasingtheReynol&numbercause!theflappositionfotihighest
maximumlift.tomoveupwar~appkoxim%tely1 peroentofthexl.rfoil
chordfor”flapdeflectionsof~~”and40°andalsorearwardfora

—

flapdeflectionof350-,Theflapconf’i=wrat$onwiththecenterof
theflapleqding-ed$eradiuslocated1.98percentchord’behtndand
3.21percentchordbelbwtheslctlipat& flapdeflectionof”35°
was.theoptimumconfi~ation.

. 2.A maximumincreaseof’cmly0.’1Inthevalueof’themaximum
sectionliftcoefficientwasobtaineitataReynoldsnmnbero,f..~.Ox 106
byshiftingtheflapfromthep.osltiongivingthehighest,~ximum
liftataReynoldanumberof2.4x106. -,‘

.3.Tngeneral,increasingtheReynoldgnum%erdelaye~thestall
tohigherseotionanglesofatteckandalsocauseda moregra?h.uil
stallforboththeflap-retractedandtheflap-deflectedconfigurations.

k.Themaximumsectionliftcoefficientsfortheflap-
retractedconfigurationincreasedaeReynoldsnum%erincreasedto
18.ox 106andthendecreased.slightlywithfurtherincroesqin
Reynoldsnumber;thecoefficientsfortheflap.-dsflectecl.mnfiguration
fncreasedastheReynoldsnumberincree,sedGO& valueof’13.0x 106
and thendsc~ea~edslightly.

.

.
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., ~.Theticmmti”of”-mti sectionliftcoeffic~entduetothe
slottedflapincreasedfrom1.24‘tQ1.36 &t&the--Rffynoldsnumter.was .
lncreasqd’from.5;0X’106to:a&ut12.0X 106&d thenecrea8edto1.31

2q~,theBe@@ldsmuiberinoreamiduptoabout25.“0X 10 . .

6.AI ~ect’ionl& coSffic&&outsi~the”lgnr+qgran~,,the
—

sect$on@ag coefftcfent’decreaspdastheReynoldsnumbe,rincraasett
throu~outthe.testrangeofReynoldsnuriber.
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(b) Variablesueedtodefineflapcotilguration.
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(a)Sideview.

Figure2.-Photographsofmodelwith0.35cslottedflap.
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(b) Rearview. .

Figure2.-Concluded.
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Figure k.- Seotfon lift charaoterlsticeof the
NACA65(1U)A111(approx.)airfoil eeotion
with a 0,350 slotted flap. R ~z.k X.106,
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Figure 9.- Variationof rmxinumseationUt ooef?ioientand inarementofmaximumeeation
lirt ooerfioientwithReynoldsn-or rortheMACA65(U)A111(aPPI’OX.) ~rfoll -Jt~~

witha 0.350slottedflap.
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Figure10.- Variationof seotionllftaoefrlolentwithReynoldenumberforthe
NACA65(Iu)wl(uwo=.)fdrrollSeotlonwithao.350~lottedflap”
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Fl@e 11.- SlottedfW mnfl@I=tkas for Intemadiato flq dMIwWcms . Pc?prdsmlu tibmloa fl?m nbauca 0.7600 m
aimroil ohord lim to plmt pdat b 0.X9J for U flq defl.otimn.
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Seotlonangleof attaok, ao, deg

Figure 1.2.- Seoti.cmMft oharaoteristiosof theNACA65(U2)AIll(amm=. )
airfoilseotlonat several.flapdeflectionswiththe0.35aslottedflap
followlnga ciroular-aropath. R = 9.0X ld.
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. Figureti.- Seothn liftandpltohin&-nt aharaoteristiaa
Of theNACA65(lU)MU (EPPrOX.) ~rroil seOtl~ fith ~
0.350slottedrlap. at= 350J x z -1.98 pereentc:

y = 3.21percento; R = 6,0X lti.
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